A previous multivariate classification of the macroinvertebrate assemblages of undisturbed sites on a number of Victorian rivers (Marchant et al. 1994 ) demonstrated that changes in faunal composition are distinct and well correlated with changes in several environmental variables, e.g., water temperature, conductivity, nature of the substratum. By extending such analyses to a wider range of undisturbed sites, it should be possible to predict community composition at unsampled sites from knowledge of those environmental characteristics that are best correlated with the classification patterns. The sites from which predictions like this are made are known as reference sites and represent community composition under natural conditions or at least in the absence of obvious disturbance.
The prediction of the composition of the macroinvertebrate fauna of rivers using data from reference sites has mostly been used in the UK ). Our purpose here is to construct predictive models using the available Victorian data at both the species and family level and to evaluate the predictive capabilities of these models. Successful predictions will provide confidence in using the predictive approach at the national level as our data sets are small compared with those (200+ sites) being compiled in each state or territory for the MRHI. It is not the purpose of this paper to provide a detailed account of the background to this type of predictive modelling. This has already been done (Wright et al. 1993a ).
Methods

Reference sites
The macroinvertebrate data were collected between March 1990 and May 1993 on behalf of the Environment Protection Authority (EPA) of Victoria (Butcher 1991). A total of 55 sites were selected, from 6 AWRC basins: Snowy (10 sites), Ovens (10 sites), Campaspe (9 sites), Barwon (8 sites), Otway (10 sites), and South Gippsland (8 sites) (Fig. 1, Appendix 1) . Reference sites were selected to represent the main types of river in a basin and exemplified the least disturbed conditions likely to be found. Sites were either surrounded by native vegetation or located in cleared areas where agricultural activities or low density housing were the main land uses. Further examination deemed that 6 of the 55 were unsuitable as reference sites because they either had low numbers of species (<22) compared with the remaining sites (26-74 species out of a total of 110-see below) or were disturbed by upstream discharges. These 6 are referred to below as disturbed sites. A total of 49 reference sites remained on both upland and lowland reaches.
Sites were sampled on 4 occasions over 2 years (or on 6 occasions over 3 years in the Barwon and Campaspe basins) in spring and autumn to allow for any seasonal variation in community structure. Each site was subdivided into 3 habitats: bankside (and other low-velocity areas), main-channel, and submerged wood. Sampling consisted of a collection over a 10-m transect for each habitat using a triangular hand net (250-,um mesh), followed by 30 min picking of live specimens. The resulting samples were taken in 5% formalin to the laboratory, where they were identified to species or genus; specimens of Oligochaeta, Hydracarina, Nematoda, and Turbellaria were not identified further. Additional information on the sites and sampling protocol is given by Butcher (1991). Data on 22 environmental variables were also recorded at each site (Table 1) . Meter readings as well as measurements of width, depth, substratum, and vegetation were taken in the field, while information on location, hydrology, and topography were obtained later from maps and discharge records. Only the mean values (calculated over the 2 or 3 y of sampling) for each variable were used in subsequent analyses.
Data
Data for the bankside habitat were available for all 49 reference sites and are the only data analysed in this paper (data for the other habitats were less complete). Two data sets were compiled: one with taxa identified to species or genus (with some exceptions given above), henceforth called the species data set; and one with taxa identified to family except for Chironomidae, which were identified to subfamily or tribe, called the family data set. Numerical data from all samples at a site were combined and transformed to records of presence or absence because live-picking did not give reliable estimates of relative abundance. Each of the data sets was further reduced by removing taxa that occurred at 10 sites or fewer in the species data or those that occurred at 2 sites or fewer in the family data. These operations reduced the spe- des data set to 110 taxa (from 700+ taxa), and the family data set to 93 taxa (from 123 taxa). Lists of these taxa appear in Appendix 2. These reductions were justified by the fact that rare taxa contribute little to multivariate analyses (Gauch 1982), particularly those used in this study (see below), and by the fact that predictions are based on small sets of commonly occurring taxa.
Multivariate analyses
Community patterns among the reference sites were described using classification techniques in PATN (version 3.5, CSIRO, Canberra, Belbin 1993). The reference sites were classified into groups using the Bray-Curtis association measure and a clustering technique known as unweighted pair-group arithmetic averaging (UPGMA, 3 = -0.1). Group selection was confirmed by examining the positions of the groups in ordination space using detrended correspondence analysis (DCA).
Multiple discriminant analysis (MDA) was used to discriminate the site groups on the basis of environmental characteristics. All environmental variables were checked for normality using the PPLOT routine in SYSTAT (version 6.0, SPSS Inc., Evanston, Illinois), and where necessary were transformed (log or arcsine transformation). The number of variables required to discriminate the groups was determined using a stepwise procedure (PROC STE h)ISC) in SAS (version 6, SAS Institute Inc., Cary, North Carolina). Variables were entered until no variables remained which significantly separated the groups at p < 0.05. The set of variables selected could then be used to predict into which site group a new site, i.e., a site not used in the original MDA, would fall. A new site may have a probability of belonging to more than one group; this is taken into account when calculat- 
Validation of predictive models
To test the predictive capacity of the discriminant models for the species and family data sets, 4 calibration sites, each from a different basin, were randomly selected and removed from the reference data set. The remaining sites (45) were reclassified using UPGMA and discriminant models were recalculated, using the subset of environmental variables chosen previously. (In each case the groups of sites were the same as or very similar to those derived from the 49 site data sets; the previously chosen environmental variables were used as their selection was based on the maximum amount of data available.) These models were then used to predict the group membership of the 4 calibration sites. This process was repeated 5 times. As the number of basins exceeded the number of sites selected, the basins chosen in each run were varied. Predictions were also made during each of the 5 runs for the 6 disturbed sites earlier excluded from consideration as reference sites.
The success of a prediction was measured by comparing the predicted invertebrate assemblage, i.e., the list of taxa that were characteristic of a group of sites, with that recorded at a site. The ratio of the number of taxa observed at a site to those expected (from the predicted list) was calculated for each site following Moss et al. (1987) . A summary of this procedure is given below: 1) the probabilities of a new site belonging to each of the reference site groups were calculated from the discriminant model; 2) the probability of occurrence of a given taxon (species or family) at this site was calculated by multiplying the outcomes of step 1 by the percentage frequency with which the taxon occurred in i Range calculated by subtracting the mean daily temperature for the hottest month (usually February) from the mean daily temperature for the coldest month (usually July), for all years on record k Mean and standard deviation of annual discharge calculated over all years on record from RWC discharge records 'Mean of meter readings taken on each sampling occasion each site group; 3) the probabilities for a given taxon were summed for all groups to give an overall (or weighted average) probability of occurrence; 4) only taxa with overall probabilities of occurrence of 50% or higher were considered further-these were the predicted taxa; (50% is an arbitrary cut-off level, but is based on the experience of Moss et al. 1987); 5) the number of expected taxa at a site equalled the sum of the individual probabilities of occurrence of all of the predicted taxa (the number of expected taxa was always less than the number of predicted taxa); 6) the number of observed taxa represented the number of those taxa predicted to occur which actually occurred at this site; 7) the number of observed taxa was divided by the number of expected taxa to give an O/E ratio; the closer this ratio is to 1.0 the closer the observed community conforms with expectation. A program was written in SAS using the procedures contained therein to perform these steps.
The Yarra River study A more thorough demonstration of the predictive capacity of the discriminant models was gained by applying them to a set of test sites from a basin not used in the initial modelling. Sites sampled by the Victorian EPA in the partly urbanised Yarra catchment (which includes much of the city of Melbourne; see Fig. 1 and Appendix 3) were considered ideal for this purpose because they were subject to a range of human disturbances.
The Yarra data comprised a single set of bankside samples from 18 sites, collected in spring 1994, from which the taxa had been identified to family only. We considered it inappropiate to use our family discriminant model (see above) to make predictions because it was based on a greater sampling effort (4-6 sampling visits) than had been applied at the Yarra sites and thus might overestimate the expected number of taxa (see Discussion). As a consequence, 2 new discriminant models were constructed based on single sets of samples collected at reference sites in spring 1990 (49 sites x 84 families) and 1991 (48 sites X 91 families). Chironomidae had not been identified to subfamily or tribe in the Yarra data; so these subfamilies were amalgamated for the construction of the 2 models. As data for only 14 of the 22 environ- Table 1 for definitions). O/E ratios for families were calculated for each of the Yarra sites, using both the spring 1990 and 1991 discriminant models.
Trends in the predictions were examined by correlating the O/E ratios for each of the sites with a range of water quality variables. Eight variables were selected from a study of water quality in the Yarra (Anonymous 1992). The variables included: suspended solids, biological oxygen demand (BOD), total organic carbon (TOC), ammonia, total phosphorus, faecal coliforms, total copper, and total zinc. Measurements had been made weekly over 14 wk between January and April 1992. The means for each variable were correlated with the O/E ratios using both Pearson and Spearman rank correlation coefficients; higher Pearson correlation coefficients were obtained after natural log transformation of the variables. A principal components analysis (PCA) of the 8 variables was also carried out (in SYSTAT) and the scores on the first 2 axes correlated with the O/E ratios.
Results
Species and family groups
The species level UPGMA classification ( At the family level (Fig. 2B) Gippsland basin. The DCA ordinations (not shown) were similar in pattern for the species and family data sets and showed excellent separation of the groups described above on the 1st 2 axes.
Discriminant analysis
Stepwise discriminant analysis selected 5 environmental variables for the species level model and 4 for the family level model ( Table 2) 
Validation of predictive models
The communities at the calibration sites were well predicted by the modelling process ( 
The mean number of taxa expected to occur in the Snowy and Ovens basins (Table 4) was higher than that in the other basins, corresponding with the higher faunal richness recorded for these 2 basins (Butcher 1991). The mean number of expected taxa at the species level was only marginally higher than that expected at the family level for all basins except the Snowy and Ovens.
Ratios were also calculated for the 6 disturbed sites (Table 5 ). The exact type of disturbance at each of these sites was not known. Nevertheless, the ratios were usually <0.7 at the family level and -0.6 at the species level, confirming that the 6 sites were indeed disturbed compared with the reference sites. The fact that higher ratios were found at the family level is consistent with the pattern found for the calibration sites.
The Yarra River study Three groups of sites were identified for both spring reference data sets (Table 6 ) and, with few exceptions, the groups were essentially similar in structure to one another and to those groups previously identified at the family level for the combined data (Fig. 2B) . Unlike the combined data, however, Group 1 was not subdivided. Stepwise MDA chose (in order of selection) COND-L, LAT, SLOPE-L, and TEMP as the best discriminating variables for the spring 1990 data; LONG, LAT, COND-L, and SLOPE-L were selected for the spring 1991 data.
Both discriminant models were used to predict community assemblages at the 18 test sites in the Yarra catchment (Table 7 ). The lowest O/E ratios were recorded at inner urban sites, e.g., Darebin Creek (0.11 and 0.09), whereas the highest were found at rural sites, e.g., Woori Yallock Creek (1.01 and 0.99). The ranking of sites by their O/E ratios was very similar for the 2 models. There were, however, some inconsistencies: ratios for Olinda Creek and the Yarra River at Woori Yallock deviated by up to 18% between models ( Table 7 ). The numbers of expected taxa were much the same for both models. The 18 sites appeared to span a continuum of potential disturbance with O/E ratios ranging from 0.1 to 1.0. All water quality variables (values for which increased as environmental deterioration increased) were inversely correlated with the O/E ratios from both models (Table 8) (Fig. 3) were clear. Variation in the water quality data was summarized by PCA. All of the variables except suspended solids were correlated highly (>0.6) with the 1st PCA axis (46.5% of variation explained). This axis therefore represented a gradient in water quality. Only suspended solids correlated strongly (0.67) with the 2nd axis (25.5% of variation). The O/E ratios for spring 1990 and 1991 correlated (r = -0.68 and -0.69, p < 0.01) with the 1st axis only, confirming that these ratios were sensitive to changes in water quality.
Discussion
The models described here were based on data from only the bankside habitat. Parsons and Norris (1996) showed that similar predictive models based on samples from a single habitat (main channel or bankside) were well able to detect biological impairment and gave O/E ratios at test sites that were similar to those from models based on an amalgamation of data from several habitats. They concluded there was a high level of redundancy in biological information from different habitats and that inclusion of more than 1 habitat in a model could hamper rather than help detection of impaired sites.
Despite the fact that the models were based on a fairly small number of reference sites, the assemblages predicted at the calibration sites matched closely those observed, as might be expected for sites assumed to be undisturbed. There were few notable differences in performance between the species-and family-level models. The numbers of expected taxa that the models predicted were similar (Tables 4 and 5 (Table 4) was almost TOC (mg/L) and faecal coliforms (organ-twice the number expected from the spring )0 mL) versus the spring 1990 O/E ratios for models (Table 7) . This is probably a result of ra River sites. Natural logarithms are shown.
seasonal variation in the occurrence of taxa at both the species and family levels. By plotting cumulative numbers of taxa against sampling from 0.54 to 0.90, with 6 sites having event (Fig. 4) , it is clear that new species or fam-<0.79. As all sites were undisturbed, one ilies continued to be found after the 1st set of expect the ratios to be close to 1.0; the samples, and that about 3 sets of samples were at they were not, demonstrated that the necessary to record 80% of the taxa in a habitat models did not predict accurately the at a site. These curves were based on the comunity composition of these small streams. mon taxa (110 species or 93 families) used in model construction. Similar assessments made for the species or families that occurred with a probability of 50% or more showed that cumulative numbers stabilised sometimes after 2 sets of samples but more usually after 3. Reexamination of macroinvertebrate data from 3 of the rocky sites in the upper catchment of the La Trobe River (Marchant et al. 1985) showed that of the species taken in 6 sets of samples over 2 y, only 40-50% occurred on the 1st sampling occasion and 70-80% after the first 3 sampling occasions; families, however, accumulated more rapidly with 70-80% being present on the 1st sampling occasion and 90% by the 3rd occasion. Thus the rate of accumulation of taxa at the reference sites does not seem to be unusually low. Differences may be due to the fact that only bankside habitats are represented in our data whereas the La Trobe samples represent main channel habitats with a rich fauna.
Contrary to the above remarks, the previous study on macroinvertebrate communities in unpolluted Victorian running waters (Marchant et al. 1994) concluded that temporal variation accounted for very little of the variation in the data. ANOVAs of DCA scores for the current sites (in individual basins) showed that about 10-20% of the variation on each of the 1st 2 DCA axes could be attributed to temporal variation. Despite this low contribution to overall variation in the data, temporal variation was still considered important because recruitment of the common taxa to either the species or family data sets was slow.
One result of the seasonal fluctuation in taxa is that models based on more than 1 set of samples will have more predicted taxa than those based on single sets of data and thus may be more sensitive at detecting changes in the fauna. Furse et al. (1984) demonstrated that similar discriminant models based on combined invertebrate data from 3 seasons resulted in better predictions than those based on data from a single sampling occasion. This is not to say that models based on single sampling occasions cannot provide useful predictions: the predictions for the 18 Yarra sites made sense in relation to changes in water quality. However, the actual numbers of taxa that were expected to occur, according to the spring models, were low (<14). When numbers of expected taxa become very low there may be so few taxa in a habitat that those missing simply by chance may result in a lower than expected O/E ratio. There may thus be a lower limit to the number of taxa with which these predictive models will work successfully.
Inevitably, predictive models are only as good as the reference-site data on which they are based. It is, of course, essential that sampling effort at test and reference sites must match exactly for predictions to be valid. . 1985) , which obviously cannot be discussed until more experience with these models has been gained.
